Strain Eup a-2 T , isolated from the torch coral Euphyllia glabrescens, was characterized using a polyphasic taxonomy approach. Cells of strain Eup a-2 T were Gram-negative, aerobic and motile by three polar flagella and formed translucent colonies. Optimal growth occurred at 25 C, pH 6-8 and in the presence of 2-4 % NaCl. Phylogenetic analyses based on 16S rRNA gene sequences showed that strain Eup a-2 T belonged to the genus Litoribrevibacter and showed the highest levels of sequence similarity with respect to Litoribrevibacter albus Y32 T (97.8 % The genus Litoribrevibacter, first described by Li et al.
The genus Litoribrevibacter, first described by Li et al. [1] , is a member of the family Oceanospirillaceae, in the order Oceanospirillales of the class Gammaproteobacteria. The genus Litoribrevibacter presently comprises only one single species with a validly published name: Litoribrevibacter albus, isolated from coastal seawater in China [1] . Cells are Gramnegative, aerobic, non-spore forming, rod-shaped, motile with flagella, oxidase-positive and catalase-negative. Chemotaxonomically, cells possess Q-8 as the major respiratory quinone, summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c) and C 16 : 0 as the predominant fatty acids (>10 %), diphophatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol as the major phospholipids and with a DNA G+C content 55.6 mol%. The present study was carried out to clarify the taxonomic position of a novel species of the genus Litoribrevibacter by a polyphasic taxonomic approach.
During the characterization of micro-organisms present in the coral Euphyllia glabrescens, a coral sample (50 g) was collected (depth 10-15 m) from the Kenting coast (Pingtung County, Southern Taiwan; GPS location: 21 52¢ 35 † N 120 43¢ 29 † E), sealed into a sterile bag, stored at 4 C and transported to the laboratory within 3-4 h. The coral sample was completely ground in sterile 0.85 % saline in a sterile mortar and pestle, at room temperature. Sub-samples (100 µl) of the ground material were spread on marine agar 2216 (MA; BD Difco) by using standard dilution plating method. After incubation at 25 C for 5 days, strain Eup a-2 T was purified as single colony and selected for detailed taxonomic analyses. The strain was cultivated on MA at 25 C for 48-72 h and preserved in marine broth 2216 (MB; BD Difco) supplemented with 20 % (v/v) glycerol at À80 C or by lyophilization with 20 % (w/v) skimmed milk. L. albus Y32 T (=NBRC 110071 T ) was obtained from the NITE Biological Research Centre (NBRC) and used as reference strain for phenotypic and genotypic tests.
Genomic DNA was isolated using a bacterial genomic DNA purification kit (DP02-150, GeneMark Technology). Primers 27F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1541R (5¢-AAGGAGGTGATCCAG CC-3¢) were used for amplification of bacterial 16S rRNA genes by PCR [2, 3] . The 16S rRNA gene was sequenced and analysed as described previously by Chen et al. [4] . The PCR product was purified, and direct sequencing was performed by using sequencing primers 27F, 1541R, 520F and 800R [2, 3] with an ABI Prism 3730 DNA sequencer (Applied Biosystems). The length of sequenced 16S rRNA gene was 1436 nt for strain Eup a-2 T and this gene sequence was compared to those available from EzBioCloud [5] , the Ribosomal Database Project [6] and GenBank at the NCBI (http://blast. ncbi.nlm.nih.gov/Blast.cgi). Analysis of the sequence data was performed by using the software package BioEdit [7] and MEGA 7 [8] , after multiple alignments of the data by CLUSTAL X version 2.0 [9] . Distances (corrected according to Kimura's two-parameter model; [10] ) were calculated and clustering was performed with the neighbour-joining method [11] . The maximum-likelihood [12] , maximumparsimony [13] and minimum evolution [14] trees were generated by using the tree-making algorithms contained in the PHYLIP software package [15] . In each case bootstrap values were calculated based on 1000 resamplings.
The 16S rRNA gene sequence analysis indicated that strain Eup a-2 T belonged to the family Oceanospirillaceae in the order Oceanospirillales, in class Gammaproteobacteria. Phylogenetic analysis based on 16S rRNA gene sequence indicated that strain Eup a-2 T clustered with L. albus Y32 T in the neighbour-joining tree (Fig. 1) . The overall topologies of the maximum-likelihood and maximum-parsimony trees were similar (Figs S1 and S2, available in the online version of this article). These findings were confirmed by analysis based on the minimum-evolution algorithm (Fig. S3) . Sequence identity calculations (over 1400 bp) indicated that strain Eup a-2 T was closely related to the species of the genus Litoribrevibacter, and shared highest sequence identity with L. albus Y32 T (97.8 %), followed by Litoribacillus peritrichatus JYr12 T (94.8 %). Sequence identity <93 % were observed with the type strains of all other species shown in Fig. 1 .
Cell morphology of strain Eup a-2 T was observed by phasecontrast microscopy (DM 2000; Leica) and by transmission electron microscopy (H-7500; Hitachi) (Fig. S4 ) using cells grown in MB at 25 C for lag, exponential and stationary phases of growth. The Gram Stain Set S kit (BD Difco) and the Ryu non-staining KOH method [16] were used to perform the Gram reaction. Flagellar motility was tested using the hanging drop method, and Spot Test flagella stain (BD Difco) was used for flagellum staining. Poly-b-hydroxybutyrate granule accumulation was examined as described by Schlegel et al. [17] and Spiekermann et al. [18] . Colony morphology was observed on MA agar under a stereoscopic microscope (SMZ 800; Nikon).
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Amphritea japonica T and related taxa in class Gammaproteobacteria. Numbers at nodes are bootstrap percentages (>70 %) based on the neighbour-joining (above nodes) and maximum-parsimony (below nodes) tree-making algorithms. Filled circles indicate branches of the tree that were also recovered using the maximum-likelihood and maximum-parsimony tree-making algorithms. Open circles indicate that the corresponding nodes were also recovered in the tree generated with the maximum-parsimony algorithm. Bar, 0.01 substitutions per nucleotide position.
The physiological characteristics of strain Eup a-2 T and the closest relative were examined by growing bacteria at various pH values, temperatures and NaCl concentrations. The optimum pH range for growth was determined in MB using appropriate biological buffers such as glycine/HCl, citrate/ Na 2 HPO 4 , phosphate buffer and glycine/NaOH in a pH range of 3.0-4.0, 4.0-8.0, 6.0-8.0 and 9.0-11.0 (at 0.5 pH unit intervals), respectively. Growth in various NaCl concentrations was tested in nutrient broth prepared according to the formula of the BD Difco medium, except that the NaCl concentration was altered as required (0, 0.5 and 1.0-10 %, w/v, using increments of 1.0 %). Growth at various temperatures (4-45 C) was measured in MB. Growth was determined by measuring the turbidity (OD 600 ) of cultures grown at various pH values, NaCl concentrations and temperatures. Growth under anaerobic conditions was determined after incubating strain Eup a-2 T on MA and on MA supplemented with nitrate (0.1 % KNO 3 ) in the Oxoid AnaeroGen system.
Strain Eup a-2
T and the closest relative were examined for activities of catalase, oxidase, DNase, urease and lipase (corn oil), and hydrolysis of starch, casein and Tweens 20, 40, 60 and 80 using standard approaches [19] . Hydrolysis of alginate (1 % w/v sodium alginate) was tested on MA [20] . Chitin hydrolysis was assessed on chitinase-detection agar [21] and visualized by the formation of clear zones around the colonies. Hydrolysis of carboxymethyl cellulose (CMcellulose) was tested as described by Bowman using MA as the basal medium [22] . Additional biochemical tests were performed using API ZYM, API 20E, API 20NE and API 50CH kits (all from bioM erieux). For the carbon source assimilation tests (API 20NE), API 20E and API 50CH tests, the bacterial inoculum was suspended in saline solution (2 % NaCl). API ZYM and API 20E tests were carried out according to the methods outlined by the manufacturers. Detailed results from the phenotypic and biochemical analyses of strain Eup a-2 T are provided in Table 1 and in the species description.
The fatty acid profile of strain Eup a-2 T and L. albus Y32 T was determined on cells grown on MA at 25 C for 3 days, when bacterial cultures reached the stationary stage of growth. Fatty acid methyl esters were prepared and separated according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.0), analysed by using a gas chromatograph (Hewlett-Packard 5890 Series II) and identified by using the RTSBA6.00 database of the Microbial Identification system [23] .
The predominant cellular fatty acids (>10 %) of strain Eup a-2 T were summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c; 47.2 %) and C 16 : 0 (25.7 %). The complete fatty acid compositions of strain Eup a-2 T and the phylogenetically closely related strain are shown in Table 2 . The predominant fatty acids were summed feature 3 and C 16 : 0 for strain Eup a-2 T and the closest relative, which is consistent with the data from a previous publication [1] . Furthermore, strain The polar lipids of strain Eup a-2 T and L. albus Y32 T were extracted and analysed by two-dimensional thinlayer chromatography according to Embley and Wait [24] . Chromatography was carried out using chloroformmethanol-water (65 : 25 : 3.8, v/v) in the first direction, followed by chloroform-methanol-acetic acid-water (40 : 7.5 : 6 : 1.8, v/v) in the second. 10 % (w/v) molybdophosphoric acid in ethanol was used for the detection of the total polar lipids, ninhydrin for amino lipids, the Zinzadze reagent for phospholipids and the a-naphthol reagent for glycolipids. Strain Eup a-2 T exhibited a complex polar lipid . All data from this study except the G+C content of Litoribrevibacter albus Y32
T [1] . +, Positive reaction; À, negative reaction. Both strains are aerobic, rod shaped and motile with flagella and forming translucent colonies, positive for oxidase, gelatinase, alkaline phosphatase, C4 esterase, C8 esterase lipase, C14 lipase, leucine arylamidase and naphthol-AS-BIphosphohydrolase activities, arabinose fermentation, nitrate reduction and hydrolysis of corn oil, Tweens 20, 40, 60 and 80. Both strains are negative for: Gram staining; lysine decarboxylase, ornithine decarboxylase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, a-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, Nacetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities; citrate utilization; H 2 S production; glucose acidification; fermentation of glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose and amygdalin; assimilation of glucose, mannose, mannitol, N-acetylglucosamine, maltose, gluconate, caprate, adipate, malate, citrate and phenyl-acetate; hydrolysis of aesculin, DNA, CM-cellulose, chitin, casein, starch, alginate, gelatin and urea. profile consisting of phosphatidylethanolamine (PE), phosphatidylglycerol (PG), diphophatidylglycerol (DPG), two uncharacterized aminophospholipids (APL1 and APL2) and two uncharacterized phospholipids (PL1 and PL2) (Fig. S5 ).
Strain Eup a-2 T and L. albus Y32 T contained PE, PG and DPG as predominant polar lipids, which is consistent with the description of L. albus Y32 T [1] . Furthermore, strain Eup a-2 T differed from L. albus Y32 T in the presence and proportions of some uncharacterized polar lipids (Fig. S1 ). There was an uncharacterized aminophospholipid (APL3) and an uncharacterized phospholipid (PL3) present only in L. albus Y32 T but absent in strain Eup a-2 T .
DNA-DNA hybridization experiments were carried out at 55 C in triplicate with photobiotin-labelled probes by the method of Ezaki et al. [25] . The level of DNA-DNA relatedness of strain Eup a-2 T with L. albus Y32 T was 25.8±1.2 % (28.6±2.1 % in a reciprocal experiment). The DNA-DNA relatedness between strain Eup a-2 T and its closest phylogenetic neighbour was below the 70 % cut-off point recommended for the assignment of strains to the same genomic species [26] . This supports our proposal that strain Eup a-2 T is the type strain of a new species in the genus Litoribrevibacter.
The isoprenoid quinones of strain Eup a-2 T were extracted and purified according to the method of Collins and analysed by high-performance liquid chromatography (HPLC) with a Spherisorb ODS column using methanol/ 1-chlorobutane (100 : 10, v/v) as mobile phase (1.5 ml min À1 ) [27] . The respiratory quinones of strain Eup a-2 T were ubiquinone-8 (Q-8, 98.8 %) and ubiquinone-9 (Q-9, 1.2 %). The major respiratory quinone was Q-8, which is the same as the members of the genus Litoribrevibacter [1] . The DNA G+C content of strain Eup a-2 T determined by HPLC according to Mesbah et al. [28] , was 49.1±1 mol%, a value relatively lower than that of reported for Litoribrevibacter strains [1] .
Phenotypic examination revealed several common traits between strain Eup a-2 T and its closest relative, L. albus Y32 T . However, strain Eup a-2 T could be clearly distinguished from this closest relative by differences in phenotypic characteristics, including lower temperature (25 C) and lower NaCl concentration (2-4 %) for optimal growth, optimal growth at lower pH (pH 6-7), presence of catalase and urease activities, absence of b-galactosidase, arginine dihydrolase, tryptophane deaminase and valine arylamidase activities, acetoin production, non-production of indole and arabinose assimilation, and ability to produce acid from some sugars and alcohol such as D-arabinose, L-arabinose, D-xylose, galactose, glucose, mannose, rhamnose, cellobiose, maltose, lactose, melbiose, sucrose, trehalose, D-fucose, Lfucose, erythritol, adonitol, inositol, sorbitol, xylitol, D-arabitol and L-arabitol and inability to produce acids from some organic acid such as 2-ketogluconate and 5-ketogluconate (Table 1) .
On the basis of 16S rRNA gene nucleotide sequence and DNA-DNA relatedness, strain Eup a-2 T occupies a distinct position within the genus Litoribrevibacter that is supported by a unique combination of chemotaxonomic and biochemical characteristics. Strain Eup a-2 T represents a novel species of the genus Litoribrevibacter, for which we propose the name Litoribrevibacter euphylliae sp. nov.
DESCRIPTION OF LITORIBREVIBACTER EUPHYLLIAE SP. NOV.
Litoribrevibacter euphylliae (eu.phyl¢li.ae. N.L. gen. n. euphylliae, of Euphyllia, isolated from a coral belonging to the genus Euphyllia). 25 C for 3 days. Data are expressed as percentages of the total fatty acids. Only fatty acids representing more than 1.0 % of the total fatty acids of at least one of the strains are shown. -, Not detected. For unsaturated fatty acids, the position of the double bond is located by counting from the methyl (!) end of the carbon chain. cis isomer is indicated by the suffix c.
Fatty acid 1 2
Straight chain: The type strain, Eup a-2 T (=BCRC 81004 T =LMG 29725 T =KCTC 52438 T ), was isolated from the torch coral Euphyllia glabrescens, collected off Southern Taiwan. The DNA G+C content of the type strain is 49.1 mol%.
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